I. INTRODUCTION
It is a well known feature that turbulent plasma fluctuations in the scrape-off layer (SOL) of fusion experiments are characterized by sporadic large-amplitude fluctuations in the plasma pressure and the plasma potential. These infrequent fluctuations lead to non-Gaussian probability distribution functions with asymmetric long tails skewed towards larger magnitudes. Recently, the non-Gaussian character of fluctuations has been emphasized by demonstrating that the distribution function of SOL density fluctuations can be described by a gamma distribution [1] . The large-amplitude fluctuations result in a fluctuation induced transport, which shows a strong intermittent character with large transport events contributing significantly to the radial plasma flux [2] [3] [4] . Such events are ascribed to spatiotemporal fluctuations structures and the associated transport is caused by radial convection of plasma in potential vortices. [5] [6] [7] . In the last years, a different transport mechanism has been observed, in which turbulent fluctuation structures show a direct radial propagation over distances larger than the typical radial structure size [8] [9] [10] [11] . These structures are referred to as intermittent transport events(IPOs) [8, 12, 13] , avaloids [14] , or blobs [11, 15] and can directly impact divertor heat loads and wall recycling in tokamak devices. One of the first models to describe the radial propagation properties of blobs was suggested by Krasheninnikov and co-workers. [16, 17] . Here, the radial propagation of blobs is a result of the self-consistent electric field, which is associated with the blob via sheath boundary conditions. Recent advancements of blob modeling also include the transition of blobs across the separatrix [18] , magnetic fluctuations associated with blobs [19] , and twodimensional global numerical models [20] . Importantly, the different models predict different radial blob velocities, dependent on the spatial scale of blobs, connection lengths to material boundaries, and plasma resistivity. The radial velocity and its scaling is an important piece of information and directly impacts the energy and particle transport associated with blobs.
Thus, a detailed characterization of the radial blob dynamics is an important task.
The present paper reports on measurements of the radial propagation velocity of blobs in the SOL of the Alcator C-Mod tokamak [21] using gas-puff turbulence imaging (GPI) diagnostics, which allows for a detailed characterization of the blob evolution and propagation properties. The potential distribution of blobs is determined using the combination of electric probes and a radial array of D α views. Additionally, distributions of the radial and poloidal propagation velocities of blobs are characterized using an ultra-fast camera viewing the D α emission intensity in a poloidal cross section. The paper is organized as follows: Sec. II outlines the experimental setup and fluctuation diagnostics used to characterize turbulent fluctuations. In Sec. III measurements of the potential distribution of blobs as obtained by correlation measurements parallel to the magnetic field are presented.
Sec. IV deals with the radial and poloidal propagation speeds of blobs as obtained by GPI.
The results are summarized and discussed in Sec. V.
II. EXPERIMENTAL SETUP
The results reported in the present paper were obtained in Ohmic discharges with lower single-null magnetic field configuration. Average plasma densities were typicallȳ
where n G denotes the Greenwald density limit [22] . The magnetic field was kept constant at a toroidal magnetic field of B = 5.4T and a plasma current of I p = 630kA, which results in a safety factor at the 95% flux surface of q 95 ≈ 6. The SOL plasma parameters for the current discharges are compiled in Table I . The choice of the magnetic field configurations is determined in order to measure parallel correlations as it is reported below. To increase statistical confidence, the data are combined from typically six identical discharges. Fluctuations were measured using three complementary diagnostics.
The diagnostic arrangement as projected into a poloidal cross section is shown in Fig. 1 can be found in [10, 15, 23] . These may be referred to hereafter as "diode views" or "diode array".
The D α emission intensity I depends on the neutral gas density n 0 , the electron temperature T e , and electron density n e [24, 25] . However, assuming again small temperature 
dipole.

IV. PROPAGATION SPEED OF FLUCTUATION STRUCTURES
A straightforward approach to measure the radial propagation speed of fluctuations is to inspect the signals from the radial array of D α diode views. In Fig. 7 the ion sound speed in the SOL. We note that this result is based on a one-dimensional diagnostic, but it is generally observed that the propagation of fluctuations has also a poloidal component [11, 23] .
The radial and poloidal component of propagation can be determined simultaneously using the two-dimensional turbulence imaging camera frames. These frames are particularly good at tracking the motion of turbulent structures. In Fig. 9 four consecutive camera frames of D α intensity fluctuations with a frame-to-frame time separation of ∆t = 12 µs are shown illustrating the formation, propagation, and decay of a long-lived blob. The formation is close to the separatrix in the region of strong plasma pressure gradient. It is clearly visible that the blob has strong poloidal and radial components of propagation as it traverses through the entire SOL into the limiter shadow, where the blob decays.
In order to characterize the propagation properties of large amplitude fluctuations, here defined as blobs, the frames are further processed to separate blobs from small amplitude, for v r , respectively (note that a Gaussian distribution has s = k = 0). They show a similar broad range of velocities with a full-width-half-maximum of ≈ 1000 m/s. In the poloidal direction a significant number of events are found propagating in both directions in a range v p ±1000 m/s. However, the peak is clearly shifted to negative velocities meaning that the majority of events are propagating poloidally in background E×B direction. The shift in distribution is much more pronounced for the radial velocities. 90% of events are found to propagate radially outwards. The maximum velocity found is v r = 2000 m/s. The peak of the distribution is located at ≈ 500 m/s, which corresponds to 1 % C s and is similar to the radial propagation speed determined from the radial D α array. We note that a similar analysis has been also done for negative fluctuations amplitudes and no evidence for inward or outward propagation of negative amplitude fluctuations has been found, independent of the amplitude threshold. 
